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To determine the strength of F3 as an acoustic cue for perceiving 
vocalization – a cross-linguistic process whereby a historical instance 
of /l/ is realized as a [w]-like sound (Knowles 1987) – of syllable-final 
/l/, a forced choice identification task was administered to listeners of 
English (American and New Zealand). A 15-step continuum was 
synthesized, with endpoints from syllable-final /l/ to vocalized /l/. 
However, post-task interviews revealed potential interactions from non-
normal language development in participants. Normally developing 
participants (who had not undergone speech therapy) demonstrated 
categorical perception. Two participants who had undergone speech 
therapy as children demonstrated persistent difficulty in perceiving 
vocalized /l/, but post-hoc analysis suggests that categorization was 
learned as the experiment progressed. This paper considers the 
potential implications of these results.  
 
 
1.  Introduction 
 
While /l/ vocalization – i.e. the realization of a historical instance of /l/ as 
a vowel- or [w]-like sound (Knowles 1987) – and the approximant nature 
of /l/ is relatively well documented, it is generally approached from a 
production rather than a perception or acoustic direction. Given that the 
English lateral is characterized by a relatively high F3 in comparison to 
vowels (Stevens 2000:543), this study attempts to investigate the 
perception of /l/ vocalization by manipulating the F3 frequency of 
syllable-final /l/. As such, we ask the following research question: 
 
At what point on a continuum do speakers perceive an ambiguous 
phoneme as a lateral approximant as opposed to a vowel-like or vocalized 
lateral, when only the third formant frequency (F3) is manipulated?  
 
To determine the strength of F3 as an acoustic cue for perceiving 
vocalization of syllable-final /l/, a forced choice identification task was 
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administered to listeners of New Zealand English (Bauer 2000) and 
American English (Algeo 2001). Listeners of these varieties of English 
were chosen through a convenience sampling method and were ideal due 
to the relative homogeneity of American English and New Zealand 
English in comparison to British varieties of English (Tollfree 1999, 
Algeo 2001). However, informal post-task interviews revealed possible 
non-normal language development in two of the listeners, which may have 
influenced or affected performance on the identification task. These two 
participants who had undergone speech therapy as children demonstrated 
persistent difficulty in perceiving vocalized /l/, but post-hoc analysis 
suggests that categorization was learned as the experiment progressed. 
This paper will considers the potential implications of these results in 
particular. 
 
1.1. Acoustic and articulatory characteristics of /l/ 
 
In both American English (AmEng) and New Zealand English (NZE), the 
phone /l/ is described as the alveolar lateral approximant (Ladefoged 
2006). The alveolar lateral approximant is produced when the airstream is 
obstructed along the center of the oral tract and is accompanied by 
incomplete airflow obstruction along either side of the tongue and palate 
(Reetz & Jongman, 2009:30-31). The articulation of /l/ in English 
resembles a back vowel and is described as having two characteristic 
articulations: alveolar ridge contact (primary articulation), and arching of 
the back of the tongue (secondary articulation) (Ladefoged 2006). 
 
Acoustically, laterals approximants are characterized by a high F3 and 
prominent separation from F2 (Stevens 2000:543). In particular, F3 is 
well-known to distinguish laterals from rhotics within the broader 
category of liquids (Ladefoged & Maddieson 1996), while a high F3 
suggests the presence of prepalatal or dental articulation (Fant 1957). 
Several acoustic features have been shown to function as perceptual cues 
for the correct identification of /l/ in American English, including 
transitions (O’Connor et al. 1957), the locus of the first formant frequency 
(Fant 1957), the third formant frequency (Yamada & Tohkura 1992), the 
overall duration of a lateral segment (Fant 1960:167), as well as the 
presence of a transient at the lateral onset (Fant 1960:167).  
 
The weight given to a particular cue may depend on the variety of English 
that the listener speaks. Listeners who speak American English attend to 
F3 as the strongest cue for the presence of /l/ (Yamada & Tohkura 1992, 
Lotto et al. 2004), while listeners who speak Standard Southern British 
English are influenced by sociolinguistic variation and switch between the 
first and second formant frequency as a perceptual cue (Dalcher, Knight, 
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& Jones 2008). However, the F3 cue is more strongly weighted than F2 or 
F1 transitions when identifying /l/ frequency (Yamada & Tohkura 1992) 
and F2 is shown to be an unreliable cue for the identification of /l/ in 
American English (Iverson et al. 2005:3267).  
 
1.2. /l/ Vocalization 
 
The term “/l/ vocalization” describes a cross-linguistic process where 
historical instances of /l/ are realized as a vowel- or [w]-like sound. 
Vocalization occurs quite commonly and has been observed across several 
varieties of English, such as South East London English (Tollfree 1999) 
and Singapore English (Tan 2005). However, /l/ vocalization is not limited 
to English and can be found cross-linguistically, such as in French as well 
as other Romance languages both historically and currently (Recasens 
1996).  
 
There is a lack of consensus in the literature with regards to the acoustic 
and articulatory parameters of vocalization. For some, vocalization exists 
only in the listener’s ears. Recasens and Espinosa (2005:1) define 
vocalization as a term which “refers to a change in the consonantal 
percept … not to the loss of tongue contact at the alveolar place of 
articulation”. Additionally, studies report difficulties in identifying /l/ 
vocalization both aurally and in spectrograms (Horvath & Horvath 2001, 
Tan 2005). 
 
In contrast, an earlier account of vocalization in British dialects of English 
argues that vocalization occurs due to consonant simplification through 
the “loss of its alveolar lateral component” results in an “articulatory 
residue” that resembles a “back close vocoid” (Wells 1982). Similarly, 
articulatory studies using electropalatography define vocalization as the 
lack of tongue contact at the “L-zone” (the middle six columns of 
electrodes the front three rows of the palate), which is used to infer the 
loss of the primary constriction at the alveolar ridge (Scobbie & Wrench 
2003, Wrench & Scobbie 2003, Scobbie & Pouplier 2010).  
 
2. Methods 
2.1. Participants 
 
A total of nine participants were recruited for the purpose of this study.1 
At the time of the experiment, all nine participants were between the ages 
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of 21 and 27 years old and were enrolled at the University of Cambridge 
as graduate students. All the speakers were male, with the exception of a 
single female AmEng speaker. Of the two participants who reported 
themselves to have successfully completed speech therapy for the delayed 
production of /l/ as children, one (AE_ST) spoke American English and 
the other (NZE_ST) spoke New Zealand English. The normally 
developing group consisted of three NZE speakers and four AmEng 
speakers.  
 
Both AE_ST and NZE_ST successfully completed speech therapy as 
children. AE_ST reported that he received speech therapy between the 
ages of 5 and 8 years of age. AE_ST was referred to speech therapy as he 
globally replaced the phones /l/ and /r/ with /w/; the participant speculated 
that a burst ear drum may have been the primary contributing factor. 
NZE_ST reports that he received speech therapy between the ages of 5 to 
6 years for deleting word-initial (and possibly syllable-initial) /l/. In a 
post-experiment interview, he indicates that he no longer has difficulties 
producing the phone; however, he is still inclined to delete /l/ when his 
speech becomes more relaxed in informal environments. 
 
Speaker _ID  AE_ST  NZE_ST  
Age at 
Speech 
Therapy  
5-8 years old  5-6 years old  
Reason  Burst ear drum; 
global 
replacement of 
liquids with [w]  
Deleted /l/ word- and 
syllable-initially.  
Current 
State  
Self-reported 
“normal”  
Idiosyncratic habit 
when socially 
comfortable  
Table 1.  Relevant background information of American English speech 
therapy participant (AE_ST) and New Zealand English speech therapy 
participant (NZE_ST). 
 
2.2. Stimuli and experimental design 
 
A 15-step continuum was synthesized using HL Syn (High-Level 
Parameter Speech Synthesis), with endpoints from syllable-final /l/ to 
vocalized /l/ (i.e. a [w]-like sound). A base VC (Vowel-Consonant) token 
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of 500 ms long was created using default parameters provided by HL Syn, 
modeled on a male voice. Voicing (AV) was gradually modified for the 
first 125 ms and for the last 100 ms to avoid the perception of a click. 
Transitions between the vowel and the lateral approximant began at 300 
ms until 400 ms, resulting in a 100 ms transition. F0 was also manipulated 
to produce a more natural speech sound. A schwa was used as the nucleus 
vowel, with the following frequency values: F1=500 Hz, F2=1500 Hz, 
F3=2500 Hz. The formant frequencies used to synthesize the syllable-final 
/l/ were: F1=350 Hz, F2=950 Hz, F3=3100 Hz.  
 
 
Figure 1.  Spectrograms of Token 1 (top, representing a canonical 
American English /l/) and Token 15 (bottom, representing a vocalized /l/) 
in Praat. Time in seconds on the x-axis, frequency in Hz along the y-axis. 
 
The continuum consisting of 15 tokens was created by lowering the F3 of 
the base token by 50 Hz for each consecutive token. The original base 
token was included as the first token and the last token had an F3 of 2400 
Hz. This gave the last token a very vowel-like quality. All 15 tokens were 
checked for accuracy in Praat (see Fig. 1, top, for a spectrogram of the 
base token, Token 1) and the final products were submitted to native 
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speakers of Standard South British English, AmEng, and NZE to check 
intelligibility. 
 
A forced choice identification task was constructed via DMDX. Each of 
the 15 tokens was randomized within 10 blocks of repetitions, for a total 
of 150 presentations. Participants were instructed to press the left shift key 
(marked L) if they heard an /l/ sound or the right shift key (marked W) if 
they heard a [w]-like sound in the presented token. If a response was not 
registered within 3.5 seconds, a response of “timed-out” would be 
recorded and the following token would be presented. The first five tokens 
were practice items which were not included in the scrambling process 
and were not considered one of the ten repetitions. They were discounted 
during analysis, along with the timed-out tokens. 
 
An Aspire 4810T Acer laptop with an Intel® Core™2 Solo and a 64-bit 
operating system was used for the purpose of presenting the experiment. 
Bose Acoustic Noise Cancelling ® headphones were provided for the use 
of participants during the experiment. 
 
3. Results and discussion 
 
Statistical analysis was not possible due to the small sample size, which 
consisted of only two speech therapy participants. However, the results are 
quite robust and are clearly evident in the following figures. Timed-out 
tokens were discarded when creating these figures. The total amount of 
tokens discarded was 7, just 0.52% of the responses.  
 
With regards to the normally developing group, the participants appear to 
be able to easily distinguish between both ends of the continuum (see Fig. 
2). Interestingly, the NZE participants seem to demonstrate greater 
confidence in their categorization, while the AmEng participants may have 
struggled with the more ambiguous stimuli. Collectively, Figure 2 
represents an ideal categorical shape.  
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Figure 2.  Normally developing AmEng group (4 listeners, top) and 
normally developing NZE group (3 listeners, bottom), total responses 
reported in percentages. Token number is indicated on the y-axis, with the 
x-axis representing percent of identification. 
 
In contrast, both AE_ST and NZE_ST seem to have great difficulty 
identifying vocalized /l/, despite correctly identifying the presence of 
syllable-final /l/ (see Fig. 3). Both participants demonstrate lowered 
identification rates of /l/ beginning from token 9 (=2700 Hz), eventually 
reduced to a level close to chance beginning from approximately token 12 
(=2550 Hz). This suggests that both participants were unable to assign a 
category for tokens 12 through 15 and were only able to guess with 
regards to the vocalized portion of the continuum. Additionally, for these 
listeners, F3 seems to be a fairly strong cue for /l/, but not for [w]. Upon 
initial analysis, it seemed as if both participants were simply unable to 
assign a token to a category once the F3 frequency dropped below 
approximately 2600 Hz. 
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Figure 3.  Total responses of AE_ST (top) and NZE_ST (bottom) in 
percentages. Circles represent W responses, triangles represent L 
responses. Token number is indicated on the x-axis, with the y-axis 
representing percent of identification. 
 
However, when the data is split in half, a different pattern emerges and it 
becomes clear that both participants had learned to discriminate /l/ and [w]: 
each half contained five blocks of repetitions and the speech therapy 
participants were observed to have demonstrated learning effects during 
the second half of the experiment.  
 
Upon closer analysis, the tokens were not perceived categorically during 
the first half of the experiment (Fig. 4). All 15 tokens along the 
synthesized continuum were instead marked almost entirely as /l/ and the 
percentage of /l/ responses rarely dropped below 80%. Individually, the 
first half of the responses suggests that AE_ST and NZE_ST experience 
difficulty when faced with identifying occurrences of vocalization. 
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Figure 4.  AE_ST (top) and NZE_ST (bottom), first five blocks of 
responses, reported in percentages. Circles represent W responses, 
triangles represent L responses. Token number is indicated on the y-axis, 
with the x-axis representing percent of identification.  
 
In the second half of the experiment, i.e. the last five blocks of repetitions, 
it becomes evident that AE_ST and NZE_ST were indeed able to perceive 
the continuous stimuli categorically (see Fig. 5). Additionally, the results 
of AE_ST and NZE_ST suggest that after allowing for a learning period, 
F3 is nearly as strong a cue for distinguishing syllable-final /l/ and the 
vocalized allophone [w] as it is for the normally developing group. 
However, the less than idea overall shape (see Fig. 2, bottom, for an 
example of an ideal categorical shape) seen especially in AE_ST’s results 
suggests that while the speech therapy participants are able to learn to 
adapt to the speech of a vocalizing speaker, they may still experience 
perceptual difficulties that may not manifest in the normally developing 
listeners.  
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Figure 5.  AE_ST (top) and NZE_ST (bottom), last five blocks of responses, 
reported in percentages. Circles represent W responses, triangles 
represent L responses. Token number is indicated on the y-axis, with the x-
axis representing percent of identification. 
 
It is interesting to note that since the total duration of the experiment never 
exceeded 8 minutes, AE_ST and NZE_ST were able to learn 
categorization in 4 minutes or less without receiving any feedback 
regarding response accuracy. Thus, despite the initial lack of success 
identifying vocalized /l/, the speech therapy participants were able to very 
quickly learn to identify F3 as the crucial acoustic cue for distinguishing 
between /l/ and [w], whereas the normally developing group did not show 
noticeable improvement.  
 
Both speech therapy participants did not report any form of 
communication disorder that would explain their childhood difficulty 
producing /l/ nor the persistent inability to perceive dialect-specific 
allophonic variation of syllable-final /l/. Furthermore, since both 
participants are currently enrolled as graduate students at the University of 
Cambridge, it can be inferred that at least superficially, these participants 
do not demonstrate any severe learning disorders. Furthermore, studies 
suggest that children are capable of fine-tuning sound categories even past 
the age of 8 years old (Pinker 1994, Idemaru & Holt 2011). As a result, 
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there is insufficient evidence here to relate difficulty identifying 
allophonic variation with specific early acquisition delays - including 
incomplete or non-standard acquisition of /l/.  
 
The striking difference in variability between the normally- developing 
NZE group and the normally developing AmEng group in Figure 2 
suggests that there may be subtle dialect-specific differences in the 
perception of allophonic variation. Results are presented individually in 
Figure 2 to demonstrate the differing degree of variation between the two 
dialect groups. Furthermore, the normally developing AmEng group rarely 
identifies tokens 9 through 15 as [w] with 100% accuracy and neither does 
AE_ST, who perceives tokens 13 through 15 as [w] only 80% of the time. 
Therefore despite the less than ideal shape in Figure 5 (top), AE_ST does 
appear to perform similarly in comparison to the normally developing 
group. That this pattern is observed not only in the normally developing 
group but also in the speech therapy participants  lends support to the 
hypothesis that there may be dialect-specific differences in the perception 
and perhaps even production of /l/ vocalization. 
  
4. Conclusion 
 
AE_ST and NZE_ST appear to demonstrate persistent difficulties 
correctly identifying allophonic variants of /l/, which may be possibly 
related to early delays during phone acquisition (see Tab. 1). While 
perception of lateral approximants is not or perhaps was never an issue for 
these participants, their ability to distinguish allophonic variation like their 
normally developing peers appears to have been strongly affected even in 
adulthood.  
 
These results are strictly preliminary and future research should focus on 
whether the same outcomes are replicable when testing a larger group. An 
interesting direction to pursue may be to attempt to replicate this study in 
other languages with /l/ vocalization or by incorporating other forms of 
allophonic variation. It is also unclear from this study alone as to why 
delayed production of the lateral alveolar would have an effect on the 
perception of the vocalized allophone. Determining the cause for these 
persistent perceptual difficulties is certainly a direction for future research, 
especially with regards to investigating the cognitive link between 
production and perception and the effects on child language acquisition. 
Future work on developing an appropriate clinical diagnosis and more 
effective treatment will also be relevant. 
 
Despite having reported successfully completed speech therapy as children, 
AE_ST and NZE_ST as adults continued to have persistent difficulties 
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when identifying allophonic variation of the alveolar lateral. However, 
again despite these persistent perceptual complications, the participants 
were able to learn to use F3 as an acoustic cue for identifying vocalization 
before the end of a short 8 minute experiment, similar to the normally 
developing group. Additionally, after learning, both AE_ST and 
NZE_ST’s perception results appear to pattern after their corresponding 
dialect group, suggesting that there are subtle differences between the way 
the two dialect groups perceive and perhaps even produce vocalization. 
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